Gamma-butyrolactone antagonism of the picrotoxin receptor: comparison of a pure antagonist and a mixed antagonist/inverse agonist.
Multiple receptors modulate the ion channel gated by the inhibitory neurotransmitter gamma-aminobutyric acid (GABA). gamma-Butyrolactones and gamma-thiobutyrolactones are compounds that act at the picrotoxin recognition site on the GABA receptor complex as either agonists or inverse agonists, depending on the nature of the alkyl substituents. Here we have compared the effects of two gamma-butyrolactones, alpha-ethyl-alpha-methyl-gamma-butyrolactone (alpha EMGBL) and alpha-isopropyl-alpha-methyl-gamma-butryolactone (alpha IMGBL), on GABA currents and inhibitory postsynaptic currents (IPSCs) in cultured, voltage-clamped, rat hippocampal neurons. alpha EMGBL also decreased the rate of IPSC decay without altering IPSC peak amplitude. At higher GABA concentrations (30 microM), alpha EMGBL has already been shown to block picrotoxin receptor agonists and inverse agonists. Thus, alpha EMGBL is a mixed antagonist/inverse agonist. In contrast to alpha EMGBL, alpha IMGBL had no effect on responses to either 0.5 or 30 microM GABA or on IPSCs, but it was able to block the effects of picrotoxin receptor agonists and inverse agonists. Therefore, alpha IMGBL is the first pure antagonist to be described for the picrotoxin receptor. The main conductance state of the GABA-gated channel probably has two or more open states, brief openings associated with binding of a single GABA molecule and longer openings due to the binding of two GABA molecules. We were able to simulate the results obtained with alpha EMGBL, using a computer model, by assuming that alpha EMGBL altered only the opening and closing rate constants for the monoliganded open channel of the GABA receptor. In addition to having site-selective actions, these results suggest that drugs modulating the GABA-linked chloride ionophore may be specific for the kinetic state of the GABA-gated channel.